Flood is one of the most common hazards in Malaysia. Flood effects can be local, or very large, affecting the neighborhood or community and entire river basins. This flood develops slowly; sometimes over a period of days while sometimes develop quickly in just few minutes. With the real time flood information, it will allow public safety organizations and other emergency managers to effectively plan their resource deployment within the limited time of alert. Hence, this project aims to design the solar powered flood alert warning system by using solar energy as the power supply. This system will send message using GSM to the residents to notify them about the flood occurred. In this project, three LEDs were used to indicate the height of the water levels which are safe, alert and danger conditions. Each of the height have different water level that indicates the level of safety for each condition.
INTRODUCTION
Nowadays, with the sudden climate change, geographical location and also unexpected natural phenomenon could lead to the problem that resulting in damages which is flooding. Flood is natural event or occurrence where a piece of land (or area) that is usually dry land, suddenly gets submerged under water [1] . Sometimes this flood can occur suddenly and recede quickly. Others take days or even months to build and discharge. The water carries along objects like houses, bridges, cars, furniture and even people when flood happen in an area where people live. It can wipe away farms, trees and many more heavy items. Improper management of drains can cause flood to happen at the housing area. During a flood happen, there is plenty of water, but it is mostly polluted and not safe to drink. If people drink the dirty water, they may suffer from diseases such as typhoid and cholera. This phenomenon can cause people and animals died in the flash floods. Water supply and electricity are disrupted and people struggle and suffer as a result. People can get ready to survive a flood by filling many containers with fresh and clean drinking water and storing other emergency supplies. Moreover, flooding brings a lot of diseases and infections including military fever, pneumonic plague, dermatopathia and dysentery [2]. Therefore, previous researchers have come out with the solution in order to predict the chances of the flood occurrence for helping community [3] [4] [5] [6] [7] [8] .
As we know, the area of Batu Pahat was hit by flash flood on 14 November 2017 [9, 10] . Heavy rain lasts more than two hours causing the overflow of water from the drainage system adjacent to the residential area. The height of the water is about 0.3 meters from the road level [10] . A total of 23 people from 10 families in Lorong Budin at km 31.5 of Jalan Batu Pahat-Ayer Hitam had to be evacuated to a flood relief centre after their homes were inundated following a two-hour heavy downpour [10] . The families can be 1157 evacuated earlier if they can receive early notification. Hence, this research was focusing on to develop an early flood alerts via SMS notifications in order to detect the water level and give an early notification or warning to the community and society about the flood. This developed system also can help the risked family to prepare and evacuate earlier to a safer or higher place for saving life and important belongings. This system also was integrated with the solar system as the energy sources in order to promote the application of renewable energy due to the depletion of the conventional sources [11, 12] . In addition, battery and solar charger controller also were used for backup power supply system.
SYSTEM ARCHITECTURE
This solar powered flood early warning system uses solar energy as the power supply. The solar panel will charge the battery during day time and during night time the battery will supply power to the system [13] [14] [15] [16] [17] . The solar charger controller will be used to monitor the charging percentage of the battery. The Proteus 8 Professional software is used to design and run the simulation. Arduino Uno board is used to act as interface between the software part and hardware part of the system as well as to control the water level [15] . Moreover, this system will send message using Global System for Mobile communication (GSM) to the residents to notify them about the flood occurred. In this project, three LEDs were used to indicate the height of the water level which are safe, alert and danger conditions. Each of the height have different water level that indicates the level of safety for each condition. When the water level reach at the certain height, the indicate LED lights up. For the green LED, this LED indicate the safety condition. In this condition, GSM does not need to send message to the resident because of the safety condition. Yellow LED indicates the alert level and give message to the residents to notify them about the height of the flood occurred. For the red LED, this LED indicates the danger level because of the maximum water level has reached and need to notify the resident about the warning of the flood.
RESEARCH METHODOLOGY
This project involves the following components: the solar panel, Arduino Uno, GSM module, water level sensor, mobile phone and LEDs. The block diagram below shows the process needed to complete the project. Based on Figure 1 , it can be seen that the source of this system is using solar panel. When using the solar panel, the solar charger controller must also need to be used in order to ensure that the battery is not overcharge during the day and the power does not run backwards to the solar panels overnight and drains the batteries [18, 19] . A drained battery will completely will lose some of its overall capacity and will decreases the efficiency of the solar charger controller [20] . There are three LEDs that involved in this project which are green, yellow and red. These LEDs will indicate the level of safety at certain height of water level [21] . Moreover, to detect the height of the water level, it is necessary to use the water level sensor [22] . This water level will measure the height of flood and displayed on the Liquid Crystal Display (LCD) screen [23] . Arduino Uno as a microcontroller will control the overall system for this project [24] . After received the information for the height of water level, the microcontroller will process the information and send to the GSM shield [25] . This GSM shield is used to send the information to the registered number phone of the residents about the level of safety when floods occur. The flowchart of the project was shown in Figure 2 . 
RESULT AND ANALYSIS
This chapter provides the details about the hardware result. In this section, the design circuit and the overall project are presented.
Flood Early Warning System Circuit
This part explains the result for the hardware prototype configuration of the flood early warning system. Figure 3 shows the testing of system using solar panel 12 V, battery 1.2 AH and 12 V solar charger controller. The result of this solar testing, the Arduino Uno can be powered up and hence supplied electricity to the overall system.
The prototype was tested to observe the height of the water level when the flood occurred and the Arduino was used to control the overall system depending on the water level sensor that was dipped in the water as shown in Figure 4 . When the sensor value of the water level sensor detects no water, the green LED not lights up and the LCD shows 0 cm for the height of the water level. In this condition, the condition remains safety because no flood occurred. When the sensor value of the water level sensor detects up to 600, the green LED is lights up as shown in Figure 5 . The LCD displayed the height of the water level up to 2.9 cm. At this level, green LED still indicates the safety level to the residents.
When the sensor value increases up to 680, yellow LED lights up because of the water level has been increasing and this condition shows the alert level as shown in Figure 6 . At this level, the height of water has been increasing to 5.9 cm. In this condition, GSM sends the notifications to the residents about the alert level.
Lastly, for the danger condition when the sensor value of the water level sensor increasing more than 680, red LED lights up to indicate the danger level at this condition as shown in Figure 7 . At this level, Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752  Solar-powered flood early warning system with short message service (SMS) notifications (Nur Anis Athirah)
1159
LCD displays the height of the water level reaches 6 cm and above. When the flood increasing up to this level, GSM sends notifications to the residents to inform them about the flood occurred. Figure 8 shows the output voltage when this system is connected with the solar charger controller and the solar panel. 
GSM Send Notifications to the Residents
For the GSM parts, the function of GSM in this system is to send notifications to the residents about the condition level which consists of safety, alert and danger levels. However, for safety level, when the green LED lights up, GSM does not need to send notifications to the residents because of the safe condition. For the alert level when the yellow LED lights up, GSM sends notifications to the residents as shown in Figure 9 . For the red LED, when the water level increases, LCD displays the height of the water level and GSM sends notifications to the residents about the danger level have occurred in that situation and they need to be under protection for that case. The notifications will be appeared via SMS as shown in Figure 10 . 
CONCLUSION
This paper has presented the development of the flood early warning system powered by solar panel with short message service (SMS) notifications. This system has successfully sent the message to the residents using GSM module to give notifications about the flood occurred. Solar energy has been used as the power source for this system. This system is more efficient as it integrated with the battery and solar charger controller. The battery was used as the backup power supply system when the solar panel is unavailable especially during night time. The solar charger controller monitored the percentage of battery capacity. The controller will cut off the charging process when the battery is fully charged. The implementation of the water level sensor had successfully applied in this system in order to measure the height of water level when flood occurs. This flood warning system used Arduino Uno to control the overall system. When the water level reaches alert or danger level where the yellow or red LEDs turn on, GSM will send message to the residents inform about the alert or danger condition. Thus, the residents can be well prepared and evacuated earlier for saving their life.
